Introduction
Intestinal failure (IF) is a condition which is characterized by the inability to maintain a state of adequate nutrition or fluid and electrolyte balance due to an anatomical problem (i.e., inadequate length of small bowel), or a physiological disorder of the gastrointestinal (GI) system. 1 IF can be an extremely debilitating condition, significantly affecting the quality of life of those affected, with a wide range of potential etiologies. It can be due to an acquired or congenital cause, GI or systemic, benign or malignant disease, and can affect any age, and the resulting state of malabsorption and malnutrition can vary in severity and duration.
The surgical management of patients with acute and chronic IF requires a specialist team who has the expertise in terms of technical challenges and decision-making. To produce the maximal outcome for the IF patient, the recent European Society of Coloproctology (ESCP) consensus statement 1 states that IF should be a recognized sub-specialty within GI surgery to establish a surgical standard. A dedicated IF unit will have the expertise in patient selection for surgery, investigative workup and planning, operative risk assessment with relevant anesthetic expertise, and a multidisciplinary team with support such as nutritional expertise and interventional radiology. Clearly, the role of the surgeon is enhanced and complemented by those members of the multidisciplinary team to improve outcomes with reduction in morbidity and mortality,
Definition and classification of intestinal failure
The term "intestinal failure" (IF) was defined originally by Fleming and Remington in 1981 , to describe a state of "reduction in functioning gut mass below the minimal amount necessary for adequate digestion and absorption of food". 2 The definition usually encompasses those patients who require PN to survive, but doesn't take into account those patients who, rather than needing full PN, need regular electrolyte or fluid support. Recent work from The European Society for Clinical Nutrition and Metabolism (ESPEN) 3 defines IF as "the reduction of gut function below the minimum necessary for the absorption of macronutrients and/or water and electrolytes, such that intravenous supplementation is required to maintain health and/or growth", which states IF occurs "when there is reduced intestinal absorption so that macronutrient and/or water and electrolyte supplements are needed to maintain health". 4 ESPEN also described a state of "intestinal insufficiency" when a reduction in gut absorptive function doesn't require intravenous supplementation to maintain health and/or growth (or "intestinal deficiency" for those languages where "insufficiency" and "failure" have the same meaning).
Functional classification
IF can be classified according to its onset, metabolic, and expected outcome criteria into types 1, 2, and 3. The classification depends upon the duration of nutritional support required and the reversibility of original pathology. 1, 5, 6 • Type 1: This is a short-term, acute, and usually selflimiting condition. It usually refers to IF that lasts for a duration of less than 28 days and can be related to postoperative ileus or acute intestinal obstruction. It may require short-term PN. Postoperative ileus is estimated to occur in about 10%-30% of patients in the perioperative setting, 7, 8 either after abdominal surgery, where significant bowel handling or concomitant sepsis has occurred. ERAS programs have been shown to reduce the incidence of post-operative ileus. 9 • Type 2: This is a prolonged condition, considered to be a duration of greater than 28 days, and requires artificial nutrition. It tends to involve medically unstable patients who may have suffered septic, metabolic, and nutritional complications as a result of major bowel surgery. 5 These patients require a multidisciplinary approach with metabolic and nutritional support for recovery pending spontaneous resolution or surgical treatment. Typical patients in this group include those with complex Crohn's disease, intestinal fistulas, or abdominal sepsis.
• Type 3: This is a chronic IF that requires long-term parenteral support. Type 3 may be irreversible and occurs as a consequence of short bowel syndrome, either due to loss of length of small bowel from a massive small bowel resection or due to a loss of absorptive capacity of the small bowel. 10 The etiology for type 3 IF in the UK has changed over the years, with surgical complications now accounting for most cases (28.8%), followed by inflammatory bowel disease (22.6%). 5, 11 Malignancy or radiation enteritis carries a poorer prognosis, with a survival rate of 62% at 1 year.
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Patients with type 1 and the majority of those with type 2 IF would be expected to return to full intestinal autonomy with time. Type 3 IF involves patients with established short bowel syndrome who require long-term PN.
From here on, the main focus will be on those patients who have type 2 IF and their management.
Etiology
The most common cause of type 2 IF is secondary to a complication of abdominal surgery, such as an anastomotic leak or intestinal injury at the time of surgery, with postoperative complications ranging from 32% to 50%. 2, 5, [12] [13] [14] Abdominal catastrophe such as intestinal ischemia, trauma, or a volvulus which requires a significant small bowel resection, with or without the colon, are also common causes. 5 The exact incidence or prevalence of type 2 IF is difficult to quantify. It is estimated that, in England, there are between 1,500 and 2,000 inpatient stays per year.
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Prevention of intestinal failure
One of the commonest causes of type 2 IF is surgical complications; patient selection, timing of surgery, and surgical technique all have an impact on prevention of type 2 IF. Minimizing the risk factors prior to surgery, which include controlling sepsis, correcting hypoalbuminemia, controlling immunosuppression, and draining preexisting intraabdominal collections, would all help to reduce the incidence of anastomotic leaks and sepsis.
It is important to optimize the nutritional status of these patients preoperatively. Malnourished patients are at higher risk of postoperative morbidity and mortality than 
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Management of intestinal failure well-nourished patients undergoing similar operations. 16 The role of nutrition support in the management of enterocutaneous fistulas is primarily one of supportive care to prevent malnutrition, thereby obviating further deterioration of an already debilitated patient. It has been shown in several studies that PN has substantially improved the prognosis of GI fistula patients by increasing the rate of spontaneous closure and improving the nutritional status of patients requiring repeat operations. Moreover, other studies have shown that nutritional support decreases or modifies the composition of the GI tract secretions and is, thus, considered to have a primary therapeutic role in the management of fistula patients. 17 Surgical techniques, including careful dissection and close inspection of all the bowel to identify any inadvertent enterotomy, on table air tests and decision-making regarding whether to anastomose, are all important in avoiding postoperative catastrophe.
Initial management of intestinal failure
Distinguishing type 1 and type 2 IF relates to the duration of illness and its severity. Initially, it may not be obvious who is type 1 versus type 2, and they may become a continuum of the same condition. 5 If a patient has absent GI function after 5 days, a decision is required if further investigation is required at this stage. This will depend on the overall status of the patient and may include a computed tomography (CT) scan to rule out intraabdominal sepsis or a leak.
Reversible metabolic factors that could be contributing to poor gut function should be looked for and reversed, e.g., abnormal electrolytes. Together with clinical assessment, the underlying cause for the absent GI function and the likely chance of resolution should be taken into account. Early involvement of the nutritional team with these patients is beneficial. If the illness is likely to be ongoing at this stage, nutritional support should be considered. PN is generally indicated if the patient has failed, or is expected to fail, to tolerate an adequate enteral diet for 5-7 days. 5 Sepsis control is important in the management of the acute phase of IF, especially type 2. Patients need to be resuscitated and managed according to the sepsis bundle. 18 Source control is a priority, and cross-sectional imaging may be required to identify intra-abdominal collections, which ideally should be controlled by percutaneous drainage as the treatment of choice. 19 With the increase in availability of cross-sectional imaging and interventional radiology, advances have been made in the diagnosis and nonoperative control of abdominal and pelvic collections, and the vast majority of patients can be controlled without early open surgery. 20 Radiological drainage may not be possible if collections are inaccessible (e.g., multiple collections between bowel loops), or not appropriate if there is an anastomotic leak with peritonitis. In these cases, an early return to theatre may be needed. If it is more than 10 days after the original laparotomy, the peritoneal cavity is hostile and can result in further injury to the patient. The minimum amount of surgery should be undertaken to enable adequate drainage of infection, resection of any perforation, and then formation of stomas. In this situation, any enterotomies or resection areas should not be anastomosed or sutured, as the risk of complication is high. Enterotomies should be exteriorized or, if repaired, should be defunctioned proximally. 5 Antibiotics are an important adjunct in the treatment of sepsis. This may need discussion with microbiology, as often these patients have had multiple courses of antibiotics previously, and it is important to determine the most suitable antibiotics and duration to avoid these patients developing resistance. Rapid commencement in these patients once sepsis is confirmed is needed as there is good evidence to show a strong relationship between the timeliness of therapy and survival. 20 Once acute sepsis and urgent conditions requiring surgical intervention were excluded and immediate nutrition addressed to stabilize the patient, further workup for reconstructive surgery becomes key. For type 2 IF, there is a clear sequence to manage these patients.
The "sepsis-nutrition-anatomy-plan" approach has always been the therapeutic strategy for managing patients with IF. 2, 21 More recently, ESPEN have modified this to state that the key aspects are sepsis control, fluid and electrolyte resuscitation, optimization of nutritional status, wound care, appropriate surgery, and active rehabilitation.
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Sepsis
Adequate management of abdominal sepsis is a key factor in determining the outcomes in patients with acute IF. 23 Once the patient has entered the "stable" phase of IF, the onset of infection may be less obvious and insidious, with no evidence of temperatures or rise in white cell count, and instead a chronic infection may manifest with difficulty in gaining weight, hypoalbuminemia, hyponatremia, and even jaundice. 24 Throughout their disease, a high index of suspicion for the presence of sepsis should be maintained. 
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The detrimental effect of sepsis on patients with IF is multifactorial. Spontaneous healing of a fistula is less likely in the presence of active infection. 25 Resolution of sepsis is fundamental for maintaining adequate nutrition, as infection is associated with an increased metabolic demand and impaired fuel utilization. Septic patients will continue to be in a catabolic state and lose proteins and calories despite PN. This leads to progressive weight loss, meaning that aggressive nutritional support is less likely to be effective until the sepsis is treated.
2,26
Nutritional support
Patients who are not nutritionally stable will suffer difficulties with wound healing due to a lack of both macronutrients and micronutrients, 27, 28 and will also have an impaired immune response.
2 Regular anthropometry, nutritional bloods, and accurate adequate fluid balance are vital in these patients.
Nutrition should be tailored to the individual patients by route and quantity. Enteral feeding is the route of choice in all patients with a functioning GI tract. This may be limited in type 2 IF due to the presence of inflammation, strictures, obstruction, radiation damage, short bowel, and intestinal fistulas. Enteral feeding can not only reduce the complications from PN, but it is also important for the psychological health of these patients.
In patients with a high stoma output, especially from a short bowel, distal feeding may be of nutritional benefit, if it is accessible. An additional theoretical benefit of distal feeding into small bowel is the maintenance of its function and its caliber in anticipation of a future anastomosis. Distal feeding, done by placing a gastrostomy feeding tube into the intestine distal to the fistula, can replace the need for parenteral feeding in selected patients. 29 We tend to use oral nutritional supplements in this case. This may be suitable for patients with an open abdomen, and is cheap and safe. If it is done only to maintain bowel health and caliber, bolus feeding with saline may be sufficient. Stoma nurses need to be on board, as the stoma bag needs to be changed to have a window for access, and nutrition nurses need to cannulate the bowel and train the patient to do this as well.
Once it is clear that a fistula is established, there is no evidence that oral intake will prevent healing. Eating is psychologically beneficial, and frequent meals can enhance the number of calories absorbed.
The amount and type of fluid that the patient is allowed to drink depends on the position of the fistula or stoma. If the fistula or stoma is of low output and is known to be in the distal small bowel or colon, this can be managed like a standard ileostomy. The patient can, therefore, eat and drink with standard dietary advice for an ileostomy. If the fistula or stoma is high, the fluid intake may have to be modified with restriction of hypotonic fluids to 500-1000 mL per day, and the addition of an electrolyte fluid, such as St Mark's electrolyte mix, double strength Dioralyte (2 sachets in 200 mL water five times per day or 10 sachets in 1 L of water) or Glucodrate. Some people need much more strict fluid restriction. Hypotonic fluids (e.g., WHO solution) draw salt, and with it water, into the gut which increases the fistula or stoma outputs significantly. Diet drinks and food containing polyols should also be avoided.
PN
2 Liver disease risk associated with long-term PN increases as the duration of PN increases and is the main cause of death in those patients with permanent IF. 30 In reality, patients may need a combination of both enteral and PN depending on the degree of dysfunction of their GI tract. What is important is that they receive adequate nutrition to meet their metabolic needs to build them up and prepare them for reconstructive surgery. This process can take several months, preferably with nutritional support at home, where patients can eat nonhospital food, mobilize more, feel more psychologically normal, and are away from hospital-acquired infections.
Wound and fistula care
Wound, fistula, and stoma care can be complex for these patients and require specialist stoma therapy nurses. These patients should be managed on a ward where the staff have sufficient expertise and resources to be able to manage all wound issues competently, especially out of hours. The inability to get control of the wound or fistula can be a source of morbidity for the patient, as they experience pain and severe discomfort from the skin when leakages occur. Difficulty with management of these complex wounds may necessitate transfer to a specialist unit. 5 The presence of an open abdomen with a fistula is particularly difficult to manage. These wounds may be best managed with a large wound care (Eakin) bag, with topical suction catheters placed through the bag to control the effluent and protect the skin. 
Radiology
In the acute setting, initial radiological assessment is required to exclude and treat abdominal sepsis. Early cross-sectional imaging is optimal for this and can also be used to look for portal hypertension -a condition that may need treating before major abdominal surgery.
The next stage is to define the proximal and distal gut lengths and integrity with a view to planning oral and distal feeding. Radiological assessment is also needed to identify any potential reason why a fistula may not have healed in the first place. Residual disease such as inflammation and stricturing may be revealed.
Prior to embarking on any surgery, it is advisable to review the entire gut radiologically, with the addition of endoscopy where required. It is essential to exclude distal narrowing prior to any anastomosis. Water-soluble iodinated contrast is preferred to barium if perforation or a leak is suspected, as the extravasated barium can cause an inflammatory response in the peritoneum. Barium does, however, have a greater sensitivity for demonstrating enteric fistulae. 32, 33 In some cases, direct visualization of the mucosa is required with endoscopy. This can help to assess the pathology underlying strictures or inflammation, which may be difficult to fully distinguish on radiological imaging alone.
The amount of remaining bowel, together with the patient's projected activity levels, helps to determine the likelihood that patients will require PN following the surgery. This allows for an informed discussion with the patient about what surgery will entail and the risk of the requirement for PN postoperatively. If several fistulae are present, consideration to the timing of investigations is important to avoid confusion. Often a contrast study proximal to the fistula opening is examined first, otherwise defunctioned bowel containing contrast can degrade the image quality and lead to confusion of the anatomy. 34 In those patients with Crohn's, anal sepsis should be excluded, and this may require an MRI done on a fistula protocol or even an examination under anesthesia. In patients with an ileal conduit or those with other complex past urological surgery, the anatomy of the urinary tract should be established prior to surgery. The need for preoperative ureteral stenting should also be considered. Patients who have suffered extensive mesenteric ischemia and who have severe cardiovascular disease should be assessed preoperatively with a CT angiography to rule out insufficient blood supply to the gut. 1 Other imaging, such as fistulography, vaginography, or cholangiography, may also help to build the anatomical picture.
CT scanning of the abdomen will help to determine the size of any abdominal wall defect to aid surgical planning in terms of operating time, the requirement of a mesh, or even the need to have a plastic surgeon as part of the operating team. 33, 35 Scrolling up and down the midline on the images will provide information on the optimal entry site into the abdomen.
These patients can have a complex anatomy that is difficult to define and establish. An experienced radiologist used to dealing in complex GI radiology is required to assess and review any imaging. Involving the radiologist early in the course can be beneficial with regard to radiology planning and choice of investigations. Often, all imaging will be reviewed in an multidisciplinary team setting with the surgeons, radiologists, and gastroenterologists before definitive surgery is planned, and a designated radiologist would be responsible for this complex cohort of patients.
Pain control
Many patients with IF become dependent on large doses of analgesics, especially as the oral access for analgesia may be impaired.
Chronic use of opioid and non-opioid analgesics is common in many patients with IF, especially in those with enterocutaneous fistula. Oral analgesia may not be appropriate in patients with a very short gut or obstruction. Intravenous access may also be difficult. The use of patches can provide more sustained drug levels.
Early involvement of a pain team with an understanding of the effects of analgesics on gut function, access to nonpharmacological distraction techniques, and a psychiatrist or psychologist with an understanding of addiction can be extremely helpful.
It is also important to reduce analgesic requirements prior to surgical intervention, or postoperative pain control can be extremely difficult, with little scope for escalation of pain management if needed.
The management of pain after major open abdominal surgery relies on two techniques: patient-controlled analgesia using an opioid self-administered in small doses by the patient and epidural analgesia. Ideally, analgesic regimes should take into account periods where pain intensity is increased due to therapeutic interventions, e.g., physiotherapy, and dressing changes.
Intestinal reconstruction
Timing of surgery is an important consideration for IF patients. In a complex or open abdomen, it is thought that
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Grainger et al the process of forming a new peritoneal cavity takes around 6 months. 36 The best indicator for when the abdomen has matured for surgery is when prolapse of the bowel is evident at the point of a fistula. With experience, evaluation of whether an abdomen has "matured" can be done by palpation of the abdomen. Up to this point, the abdomen is still extremely hostile, and surgery puts the patient at risk of further injury and complications.
The advantage of bringing the distal bowel into continuity has to be weighed against the risk of an anastomotic leak. Surgery for type 2 IF is usually life changing, rather than life saving in the short term, and patients have to be counseled appropriately regarding this. In the long term, the advantages may include reduction or cessation of PN with avoidance of the associated risks.
The surgery itself should be allocated plenty of time. A second surgeon should be considered in long and complex cases, so that fatigue and reduction in concentration don't put the patient at risk of injury. Careful dissection, with adequate time examining the bowel prior to closure, should be performed to reduce the risk of an enterotomy. Every serosal tear should be repaired, and any anastomosis should be performed meticulously. The anastomosis should not be placed within an abscess cavity, nor near an incision. A hand-sewn, 2-layer anastomosis reduces the risk of recurrence of fistula marginally when compared with a stapled anastomosis. 37 If a stapled anastomosis is to be used, it is recommended that all staple lines are oversewn. 1 Often the distal bowel can be atrophic and of small caliber. In these cases, a proximal defunctioning stoma may be worth considering. Patients should be routinely booked into a high dependency unit postoperatively, and adequate postoperative analgesia prescribed.
Abdominal wall reconstruction
Abdominal wall reconstruction may be a vital component of these operations, especially if the patient has had a previous laparostomy. Failure to gain closure of the abdominal wall properly may lead to re-fistulation, formation of a large incisional hernia, and poor cosmetic result. 1 The simultaneous resection of the GI tract with the abdominal wall increases the morbidity of surgery. These operations should, therefore, be performed in a specialist center, 1 where the surgical and anesthetic teams are used to dealing with such complex cases and any complications that could arise.
The use of mesh may be required due to the presence of multiple defects, a large midline defect with poor rectus bulk, or a history of previous component separation. The evidence for the safety and efficacy of nonabsorbable mesh in the open abdomen with enteric fistulization is limited, but it is thought to be associated with increased infection rates. [38] [39] [40] If infection develops with a nonabsorbable mesh, removal is often required necessitating a further operation. There is evidence that simultaneous fistula surgery and abdominal wall reconstruction should not be performed with a non-absorbable mesh or cross-linked collagen mesh. The initial comparative study reported 0% re-fistulization in patients reconstructed with sutures alone, 24% when a nonabsorbable mesh was used, and 41.7% when a cross-linked collagen mesh was used. 41, 42 Two studies looking at the use of a non-cross-linked collagen mesh in this setting reported re-fistulation rates of 9%-11%. 43, 44 Therefore, if primary closure employing a sutured repair is possible, this is the safest option. Techniques employing autologous tissue such as component separation and primary repair are recommended. [45] [46] [47] Nonabsorbable synthetic meshes and cross-linked biological implants should not be placed into the peritoneal cavity in IF due to the reported incidence of increased complications, with rates of re-fistulization between 22% and 25% with these techniques. 48, 49 The use of a nonabsorbable synthetic mesh should be limited to an onlay repair and should never be placed within the peritoneal cavity. They should be avoided in a contaminated environment. 1 If it is not possible to bring together the abdominal wall, even with a component separation, or if a mesh is required in a contaminated field, a non-cross-linked biological mesh should be used. Most biological meshes used outside the abdominal cavity lead to seroma formation, and drains should be left in the abdominal wall until dry, even if this amounts to several weeks. 50 Larger defects, in both the abdominal wall and the skin, may require a plastic surgeon to perform a reconstruction using autologous sliding or pedicled flaps. 
Intestinal transplantation
PN is the preferred treatment option for patients with short bowel syndrome and chronic IF because of its superior survival outcome (63% at 5 years compared with 54% in intestinal transplantation). 13, 51 However, long-term PN can fail due to loss of venous access from catheter-associated thrombosis, recurrent catheter-related blood stream infections, and liver dysfunction.
Intestinal transplantation offers a rescue therapy for chronic IF patients, with indications for transplant falling into four categories:
• Impending or overt liver failure due to PN-induced liver injury;
Clinical and Experimental A simulation study from the US comparing both home parenteral nutrition and intestinal transplantation for irreversible IF has shown that intestinal transplant marginally improved survival in those patients who had intestinal transplantation (14.6 years vs 14.9 years) when offered to patients on long-term PN with a life expectancy of <12 months if they do not undergo surgery. 52 Three types of intestinal transplantation are currently available and include isolated small bowel, liver plus small bowel, and multi-visceral. The current 5-year survival rate is 54%, with an isolated small bowel transplant, which is worse than the outcome associated with PN (63% at 5 years). 13, 51 Outcomes are improving due to the standardization of surgical techniques, advances in immunosuppressive therapy, and improvements in postoperative patient care, but continue to carry a risk of complications (such as rejection and infections) and adverse events associated with immunosuppression. [53] [54] [55] These patients often require frequent hospital admissions or blood tests due to complications of their immunosuppressive regimes. Some patients continue to have problems of "dependency". Although the patient is relieved of PN dependence, they endure close monitoring of their immunosuppression, more septic episodes, prolonged hospital stays, and often significant limitations on their personal life as a result. 56 Consideration for intestinal transplantation should be discussed at an IF network meeting, 1 with the IF unit caring for the patient and the transplant team, and primary management of these patients should be provided by a center experienced in medical intestinal rehabilitation, nutrition, and transplantation of other solid organs.
Multidisciplinary team approach
Patients with type 2 IF are complex and time consuming, and have a protracted hospital episode. Regardless of the etiology, the management requires a considerable length of hospital stay and extensive multidisciplinary input. Dieticians, stoma therapists, nurses, microbiologists, pharmacist, radiologists, physiotherapists, anesthetists, pain specialists, psychiatrists, nutrition nurses, gastroenterologists, physicians, and surgeons all act together to provide an appropriate input to the patients care throughout their hospital admission, their outpatient rehabilitation, and in the buildup to their definitive reconstructive surgery.
Restorative surgery should be deferred where possible until the patient is nutritionally stable, mobilizing, and medically and psychologically optimized. In the preoperative phase, patients should be given the opportunity to meet with an anesthetist to address any comorbid issues. Issues regarding postoperative pain relief, nutritional support, and intravenous (IV) access should also be addressed. The gastroenterology team is crucial in the preoperative workup of all IF patients, but especially those with underlying inflammatory bowel disease for control, or correction of their underlying condition and postoperative disease management. In patients with a fistula, other specialties, such as urology, gynecology, and plastic surgery, may also be involved.
This multidisciplinary team approach is also vital in the postoperative phase of the patient management. 5 An active program of mobilization and psychological support is important. The majority of IF patients will have depleted lean muscle mass. Therefore, an active, graded mobilization program is needed to help expedite recovery. 5 Many patients with type 2 IF will require psychological support. The patient and their family often have anxiety, a feeling of loss, loss of self-esteem, depression, and anger, particularly if they developed type 2 IF secondary to a postoperative complication. They may develop body image issues related to stomas, fistulae, and an open abdomen. IF can also have huge financial implications, as the patient suffers a loss of earnings and financial hardship. 36 These issues can inhibit their recovery and should be addressed early on. This may prevent the impact of further psychological complications later. It is also important to provide explanations to the patient at each stage of their recovery, as a number of them may have spent prolonged periods in hospital and had numerous investigations and invasive interventions, without fully understanding the reason for each step. Patients are often frustrated, do not understand the benefit of waiting to get conditions optimal prior to surgery, and should participate in discussions surrounding their care.
The ward nursing staff, specialist nutrition nurses, and the nutrition support team are majorly involved in the delivery of care to these patients. The nutrition support team are an essential part for any patient, and usually will act to facilitate the transition of patients care from in-patient to out-patient. and a multidisciplinary and multimodal approach is likely to increase survival in these complex patients. 58 If possible, patients with type 2 IF should be discharged home prior to their surgery, 1 provided that home PN, complex wound care, supervision of home care, and regular monitoring of out-patients are available.
